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ABSTRACT: This paper presents an automated intravenous blood infusion unit to prevent a reflux using a load cell 
sensor. Intravenous infusion is frequently used in the hospital for patients’ management and treatments such as dehydration 
and surgical operations. The sensor measures initial weight (500mls) of initial content of intravenous bag and set a threshold 
of 20mls or less, and then sends a signal through transmitter to receiver as an alarm indicating current state of the intravenous 
infusion. This is to support monitoring system by biomedical professionals and avoid blood reflux. The sensor has a strain 
gauge transducer that converts force into an electric signal in millivolts; two-18 pin microcontroller was deplored to 
modulate signals from the transmitter to the receiver, a buzzer indicator for sound notification, and LCD display monitor 
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Patient monitoring is defined as repeated or 
continuous observations of physiological parameters 
of the patient, and the function of life support 
equipment, for the purpose of guiding management 
decisions, including when to make therapeutic 
interventions, and assessment of those interventions 
(Ajibola et al, 2017; Priyadharshini.R, et al, 2015). 
One such area where patients’ monitoring is most 
desired is drug administration using intravenous (IV) 
infusion. And it has been proven to be very effective 
for quick supply of prescribed medicines into the 
entire body. However, blood-reflux, air embolism, 
infection, damage of vessels are example of such 
possible complications of IV infusion (Iyile and Attah, 
2016). Inappropriate IV fluid therapy is significant 
cause of patient morbidity and mortality and may 
result from either incorrect volume or type of fluid 
(Andrew et al., 2008).   Generally, as the population 
grows, the need to improve on healthcare services 
becomes imperative translating to expansion of 
workforce with consequent higher personnel cost. And 
in almost all cases manpower requirement cannot be 
met by training and recruiment processes, hence the 
need for synergy between technology and health 
professionalism. This has spurred the deployment of 
enhanced technology to solving many healthcare 
problems. Relying on inadequate workforce may not 
sufficiently deliver the best of services, especially in 
areas with dearth of manpower or where paucity of 
funds has prevented manpower recruitment, thus 
employing expert health care systems. The call for 
evidence-based quality improvement and healthcare 
transformation underscores the need for redesigning 
care system that is effective, safe, and efficient 
(Stevens, 2013). Today, healthcare monitoring devices 
are deployed in health management services to ensure 
patients safety and to reduce the burden of the 
caregivers and health workers (Ajibola and Folorunso, 
2017; Priyadharshini.R, et al, 2015). The novelty of 
these devices has brought about a characteristic 
change in the practice of medicine. Of primary 
concern in this study is the eradication of 
complications associated with application of 
intravenous administration of drug, blood, body 
electrolyte and metabolite by developing an automated 
alarm system that monitors IV infusion process and 
triggers an alarm when the infusion bag with content 
attains a preset threshold weight in real time. 
 
MATERIALS AND METHODS 
Materials: Components deplored are; 100 Ω, 1kΩ, 
10kΩ resistors, a 1000uF/25V, 100Uf/16V, 
capacitors, microcontrollers, voltage regulator, light 
emitting diode, transistors, buzzer, 16*2 LCD, crystal 
oscillator, 2-pin terminal block, power switch, 12 volts 
dc battery and 1kg load sensor displayed in  Figure 1. 
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Fig 1: Load sensor 
 
Design of Intravenous Monitoring System: The study 
considered technical approach to develop the 




Fig 2: Block diagram for sensor 
 
The design utilizes communication principles for data 
acquisition transmission within the remote system and 
receiving mode as revealed in Figure 3 and Figure 4. 
Laboratory setup of the device is as shown in Figure 5 
 
 
Fig 3: Block diagram for Transmitter at Node One 
 
 
Fig 4: Block diagram for Receiver at Node two 
 
 
Fig 5:  Setup up in Robotic Laboratory 
 
Load Cell Principle of operation: A load cell is a 
transducer that measures force, and presents its output 
as an electrical signal. It features four strain gauges in 
a Wheatstone bridge configuration to detect 
measurements of resistance. Wheatstone bridge is an 
electrical circuit that balances two legs of a bridge 
circuit while the force being measured deforms the 
strain gauge in the load cell causing the deformation to 
be measured as change in electrical signal.  
 
Source: Engineers edge 
Fig 6: Wheatstone bridge circuit 
 
The load causes tension at the top of the gauge and 
relaxation at its bottom, producing a characteristic 
bending moment at the sides of the load cell. The force 
produced or exerted thus produces measurable 
electrical output that is proportional to the applied 
force acting on it. And the mathematical consideration 
for the Wheatstone Bridge Circuitry are as follows: 
 
Given the Wheatstone bridge above, R2 is adjusted so 
that the ammeter reads zero current, then the resistance 
at both arms of the bridge circuit are equal, Alexander 
and Sadiku (2004). The equation guiding the 
relationship between the two arms of the bridge 
applies Kirchhoff’s first rule to obtain the currents in 
junctions B and C, and the Kirchhoff’s second rule for 
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Where  is the voltage of node B relative to D, all 
four resistors values and the supply voltage  are 
known, the resistance of galvanometer is enough that 
its current is negligible. Since the resistance is directly 
proportional to the force, decrease in force leads to a 
corresponding decrease in the resistance of the load 
cell therefore; 
 
 ∝       (4) 
        (5) 
 
Where Q is the rate of flow of volume. 
 
   ⁄      (6) 
    ⁄      (7) 
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Therefore time (s) is given by  
   ⁄      (8) 
But          (9)  
 
Considering mass (m) of intravenous fluid bag, at the 
commencement of its administration. Given that the 
mass of 1 ml of saline fluid is 1.0046g at 22oC, thus, 
500 ml of a normal Saline is 502.3g translating to 
0.5023kg of the drip bag. Applying third law of 
Newton, the force acting on the load sensor by 1 bag 
of IV fluid is 4.92254N, where acceleration due to 
gravity is 9.8ms-2.  
Suppose,  
 
   0.05/    (10)  
 
The time variations in resistance with drop in the 
weight of the IV bag as the content reduces is plotted 
using linear algebraic equation tool in MATLAB 
2015a environment as shown in Figure 8(a) – (d). 
 
RESULTS AND DISCUSSION  
The final product of the study is displayed in Figure 7. 
Subjecting the device to functionality test, ten 
iterations were conducted but only three were chosen 
for discussion due to the consistence recorded in 
iterations 2 all through to 10. Iteration 1 was carried 
out with full volume of the drip bag while the rest were 
done with volume of the drip bag remaining in the 
neighbourhood of the threshold value of 20 ml to 
closely study the behavior of the modality within that 
range to satisfy reliability condition: the ability of a 
device to perform its required functions within the 
operational conditions. (Leitch, 1988).  
 
 
Fig 7: Automated alert system of an intravenous infusion system 
 
Figure 8a is the outcome of the first iteration with full 
course of the drip bag. Observations were taken at 
threshold in all cases. Figures 8b and 8c were 
repetition of the same procedure with the volume of 
the drip bag at threshold to ascertain precision and 
consistency in the operations of the modality. The rate 
of flow of intravenous fluid was substantially reduce 
during iterations 2 to 10 to ensure that buzzer was 
triggered at a precise time all through the nine 
iterations. And Figure 8d is the harmonization of three 
iterations of the same procedure performed under the 
same conditions but variable initial volume. The 
implication is that, irrespective of the initial volume of 
the drip bag, and the flow rate of intravenous fluid the 
operation of the modality is consistent since the three 
graphs collapse into a single graph. In medical 
practice, it is pertinent to monitor patient with respect 
to various medical procedures in the latter’s healing 
process. When the system is subjected to load during 
iteration 1, the outputs are captured by steady 
declining graph.  
 
 
Fig 8a: Resistance variation with time for full volume of drip bag 
 
 
Fig 8b: Resistance variation with time for iteration 2 
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Fig 8c: Resistance variation with time for iteration 10 
 
 
Fig 8d: Variation of resistance with time 
 
The steepness in Figure 8a is radically reduced in the 
neighbourhood of time t = 2 and below. There is sharp 
deviation in the slope of the outcomes which was 
calibrated as the alarm factor. The actual data were 
linearized to be able to record the sharp contrast at the 
threshold point where alarm is activated.  
 
Various models in the literature have suggested 
wireless control network of the intravenous infusion 
system in contrast to the infusion pump which has the 
disadvantage of cost and sterilization to mention but a 
few (Batchelor, 1952; Engineers edge. (2018)). The 
design involving almost all the methods suggested, 
followed the same architecture, viz: the input which is 
the parameter to be measured; the sensor, which can 
either be optical, ultrasonic etc.; data transmission 
circuit, which may be a radio frequency transmitter 
and receiver, ZigBee micro-controller, GSM module, 
and the output. This study is in agreement with the 
works of Yang and Sun (2009) and Ziser et al (1979) 
among other scholarly studies. Considering various 
throwbacks and disadvantages of other modes of 
monitoring, the load cell offers more advantage with 
respect to sensitivity, precision and reproducibility. 
The design of the modality presents strain created by 
IV fluid as tension to transducer that translates such 
into resistance. The resistance output is evaluated and 
processed for transmission to the final receiver node 
which receives input as current. As resistance 
decreases at transmission node, current increases at 
receiver node by Ohms law thereby causing the buzzer 
to trigger an alarm at attainment of threshold current.  
 
Conclusion: This study considered the plight of 
critically ill patients who require intravenous 
intervention for medical patients’ management and 
adequate monitoring by developing an automated 
modality for that purpose. All components deployed in 
building the modality are cheap and are also available 
locally in Nigeria, and the technology is repeatable. 
The device is maintainable and it is deployable to all 
strata of health sector: tertiary, secondary or primary. 
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